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e, Ar, Kr, Xe, Be, B, C. N, M g , Al, Si, P, Ti, V, 
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etoresistive) m^(D imx'&^j. /\ - ^ >f ^ f£ if mmmi^i)^ ^ mmm 
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t)m<. Lti-^^mikmzmti^rj^ifm^oymnr=..^.^mLx^v. m^^mnx 
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[0 0 15] 

cfc e) ic. III ir^^M^^^® *^M3S?^'i4js ^ ^m'\i.M t vmm t ^n^^i^mzm^ 

[0 0 16] 
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[0 0 19] 

5t:^X (fei^'LXtt. Pt, Pd, Ir, Rh, Ru, Os®-^"^ 
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m 1 4. izm-tmm^mm'\^m 4 it. sta-KMs h(^)i^®c^vAT. (iii) 

[0 0 2 1] 

01 4 (c^-r j:e){c, trfia (i 1 1) mzMhm^M^:^\^ (m^c^rni) ^ 

^jt^m^Bm(D:^\^it [111] ±fHL;t J: c) icH!^^'[4S4;5:t>*3S 

attJf 3® (111) ®^i^^ct^ffB#®i:W^:^^6I^c■g5fe@B^«ILTv^s:^)^p>, 
ffflBM^i^'fSJf 4 CD [111] :6'iBi>S.of3S?^ffijS3co [111] :^f6jtt^|{c|pii::; 

:&fnI?:|BIV^TV^^ (0^ c „ 
[0 0 2 2] 

rrt? (Ill) ^^-||fS[$:MVNT^Lfe#$gH^^^(Z)^^{C^tt§ 
1) Mii^ffi (IH^) j&^Mi:UTffi{c (- 1 1 1) ( l - l l ) ®, ( 

11-1)®, (-1-11)®, (1-1-1)®, (-11-1)®, (- 
1 - 1 - 1 ) ®*'^#«-rSo :^^3*0M»-ett, zn^mmr^m^Bm^mz^m 

[0 0 2 3] 

[1 1 1] ^t/Ttatc^^t- [110] ±mLr^^mrj:mm 
m(Dm^m:^\^^m-t. mm [i 1 1] :^\^izit, mm [-1 1 n 

^fni, [ii-i]:^fni, [1-1 1] :&rpi, [-1-1 1 ] ^rfii [ 1-1-1 ] 

, [-11-1] :^fnj, [-1-1-1] mm [i 1 o] :^mz\,t, 

[-1 1 0] :&fni, [i-io]:^rni, [-1-1 0] :^r6i, [-lo-i];^ 
[Bi, [ioi]:&iRj, [-ioi]7?foi, [io-i]:^rni, [0 1 i]:S-[6i, [01- 
ij^fBi, [o-ii]:&[p], [0 - 1 - i]:^rHi*^#^bt- 34x^^M^j^h^$iIi 
:&fBI(Z)v^■r^lA^$:^t-^-^, j^mmizKi 1 i>:^r6i^t>xi 1 o>:)^fBi^fa« 

[0 0 2 4] 
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ot>. m:^it [110] -^i^^mizsust. R^m'\$.m 4 izisn ^mm ci i o 
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mnmm-\$.m3izi5»^mm ci i o] -^mm^ a:^\^izit[^\>^ 

4CD [1 1 0] ■^\^t.^m^M3(D [1 1 0] :)?|BI^i^v^^cM?&o;t:^lRJ$:^nIv^ 

[0 0 2 6] 
[0 0 2 7] 

^ L T ^ CO J: e) f£U^m\^^m-t^ ^ H -e, ttffH#® It ^M?S?^ttM 4 M 
®M^(7)Mt>*h, ^m'\im3miZ:Bi'f^m^<DMX^tt)^lMlizMjZ^Lr3^<tjt 

So 

[0 0 2 8] 
[0 0 2 9] 

mi bitkmmn LX(D^mm^mo^'^^Bm\^^m^mmiz^i^r=.m^^mm 

[0 0 3 0] 

:n<D^mm^m\zi^n^^^z 5t:^X (fc^'UXli, Pt, Pd, Ir 
, Rh, Ru, O sO)o^im±t=.\-t2mi^J.AL(D5hmx:Sb^) hMnh^^m-t 

^K^M'\^mxm^-^iir=.K^m^mx-&^). n^2, o\t. m^\ti^ i f 
^±mxm^-^tif^^m'&mx-^^. 
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[0 0 3 1 ] 

1 1) ^^cM®:^^pI^cM^@Hl6JLTv^^„ 

[0 0 3 2] 

mm^^m-^tms iM^m-\&m3 o® hid mtmzmmm^im^nrjt 
:&loI^cM3feiB^HILTv^^7^c«?)^c, tfjiH (i 1 1) mcMLmmmw.:^\&i^fjft c 
111] :^rBI^i^^c|0IClll^c^lpI$:^nIv^Tv^^<. 

[0 0 3 3] 

^<7)3ci^^-^mT'«, lafB (111) MWtc#^i-sM^lfi<^:^rfBj®e) 

t), [110] :^fHi«, R^m'\^m3 1 j5LXj^m,m']&m 3 omzmi^m^a 

[0 0 3 4] 
[0 0 3 5] 

±niht^m^Hm\^^mt ^ ^ ^mm^m3 i i:^?^ttM3 oii(Z)i^®T' 
^m-t^m-^. R^mmm3 nt^m'mm3 om^^Bmmizm^-^nx. 

S o 

[0 0 3 6] 

&.±<D J: -9 iz^^m X it. R^m'\im n m,m^m ii<Dmmt. rsijc ^ n 
t^^:f^\^^m<^0x:^^t>\ :i(Dj:of£m^Bm[^it. i^Anzmm-t^mj^m^ 
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[0 0 3 7] 

^mmit. BL^m'\im tmm^m ttt^mLxm^^n. mmRm,m'\iM t^m 
ftf §H [a 3^ * ® -9 , M Bkm^m (DmiSTmn ^m^m ® mmm nxmiS'mm^ 
^is.mmit. ^m,m'\^m (Dmmm tmm^m (Dmjffm t. X K\^^z-r tix ^ n 

[0 0 3 8] 

mm^mt.^n:^m'^m^m^Am-^^xm^nt=.^^m^m]kxj^^mmm 
^mmM(DmmmtxK\^^iz-mi^. 

M 3t imtf 3^^'f4M -5 V ^ (Z) im#f # (Z) - CO <^ (c 3Ei ti ^ 
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[0 0 3 9] 
[0 0 4 0] 

[0 0 4 1 ] 

[0 0 4 2] 

[0 0 4 3] 

[0 0 4 4] 

^rdmr.umm^t. BL^m'\imoymmmii^m'\$.mo:>mmmt.xs.^^izimx\^^ 
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■e tl ^ ^ ffi { C ^ o T V A -5 (Z) -5 o 
[0 0 4 5] 

[0 0 4 6] 

SI 6. 1 nt. mmm i>^\^yj^jvfm) ^mm:Bmi)-^^^mL. ^(Dmm 
K^m'\impM(Dm(Dn:^izmmi^M^Bt)mm^n^ J: z> ^jtm^m(Dam<D% 

[0 0 4 7] 

\z7^^-ir'mMm.^mm^'^(j^m^mx-&^. 

[0 0 4 8] 

^mm^^x^^. 

A I2O3 (3nm) /Ta (3nm) y t/ - \^ U 4 ^ : N i ^qF e 2q (2nm) 
/;S3^^ttJ» : P t g^Mn^g ( 1 5 nm) : [Co (1. 5 n m/ 

Ru (0. 8nm)/Co (2. 5nm)] X4¥M'\^^mM : Cu (2. 5 nm 
) yyV-m^m iCo (l nm) I^^F e^^ (3 nm) ] y'Av^ KJS 

: C u ( 1 . 5 nm) XUmM : T a ( 1 . 5 n m) /T a S?>fbl^„ 
[0 0 4 9] 

AlgOg (3nm) /Ta (3nm) /S/— Kb^-^iNigQFegQ (2nm) 
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yR^m^m : P t ^^Mn^Q il 3 nm) Xmmm^m : [C o ( 1 . 5 n m/ 
Ru (0. 8nm)/Co (2. 5nm)] yim^^mM : C u ( 2 . 5 n m 
) -?^'E4jS : [C o ( 1 nm) /N iggF (3 nm) ] /^^'^i'^ f^^® 

: C u ( 1 . 5 nm) yUMM : T a ( 1 . 5 nm) /T a^-fbMo 
[0 0 5 0] 

rij (^±ic r-j ^^#$tlTv^-5>7b\ rtili r-ij (v-f-^:p^i) 

[0 0 5 1] 

01 Qiz^-t^oizmmm(Dmmm^^mmmx^i>t. mj?7^i«i{c (i-i d 

(ptMn) (Dm^m.^.tf^mtix\>^^^iit>'^t>-fy^ 
iBi^icBtffHMJ¥:^ipitcii, (1-1 1) mtmmft^f^ntcmm^^mmm 

&.^(Dm (n^Wimi^m±iZ.it { c c -C o/C u/N l F e ^1^$4^TV^§) 
[0 0 5 2] 

(1-1 1) miimm:^i'f^nr=.mjfrm.^.tf^'^\^-2^<DmA^x^'^/utdm-u 
mmt. mm&^m^m&>s^(Dm(Dmmmizi3n^ (i-i i) mtmrn^i-f^ 

[0 0 5 3] 

(-1 1 1) mtmmiii'f^nr:LRmm'\im (ptMn) (Dmm^Mtt'^mnx 
^^^^^ttt'^tDti^^o mmizmm:ff\^&.^(D:^\^K. (-111) mtmrnfu-f^ 

e ^^$4^TV^-^,) <Dmm^.^.t)'^mtix\^^^zt.t^iD^^^. 

[0 0 5 4] 
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[0 0 5 5] 
[0 0 5 6] 

;^i3Si6, 1 8^c^L)^M^c^3v^T^±, MSSi^'liiS^SSi^ffiM^oM*® (- 
^Jcfe-SS-^lcii, (-111) mtfSE^^^j&^HItf^^'tciiti 

[0 0 5 7] 

M (ptMn) ® {1 1 1} m(Dm^mj^.i}^mnx\f^^^iitf^iDf)^^. mmiz 

/Cu/N i F e i:^$4^TV^S) (D {111} mO)mm^.^.t>^mtlX ^ t 
[0 0 5 8] 

tjtismi 7 izB-tmmm^ummmizmtit^mmm.^.^. d i d m, (i 
1-1) mmoymm^jt'^^amni^xmm-^r, ^n^^m^j^m^sm^-t^x^ti 
mm(o {111} ^iimmhr^(Dit. mi 6©«-a-^M^u, Mj?:^fpjj^^®:^ 
iHi}c#:&-t-5ftS(Z) [1 1 i]iatfis.#> (-111)) ^c-Dv^T, nm±. 

■ff >5: t- -5 i^^M ^ y{)^ o ^3 T & -5 o 
[0 0 5 9] 

iz^mmnm (PtMn) (D {200} m(Dmmmj^.ti^mtix^^^ ^ ti)^t>i3^^ 
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f c c -C o/C u/N i F e i:^$4^TV^^) (D {2 0 0} ®(Z)tlI^aE.^,A'JJi 
[0 0 6 0] 

-AM.^,;^)^e3BTmM:^|6llcM3t?^tt»>5:t>*^^'f£S® {ill} mo^mmM.^. 

mzmnt^ {200} ®(Z)[a^^.^,htf^Ia^f■-AM,^,i:5:M^;fe■||^'K^,^^tJ* 

[0 0 6 1 ] 

^ )\ymz^^hf:L^(Dt.mm-^ti. mmBLmM^mt.mM^mt.(D^m\ziB\^x 

[0 0 6 2] 

x) 0. 2 4 X 1 0^ (A/m) SS^^£V^3gm*g^a#L 

[0 0 6 3] 
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[0064] 
[0 0 6 5] 

mmiz.±n?,<DMmxmmLr^^mm(D:;^\:f>Ajv^'m(7y^mu^m^ (Hex 
) ^mmi^x^tcn^?}. 10. 9x10^ (A/m) t\>^o^miz±^^^^m 

[0 0 6 6] 

® la^tfK 3t S'ffi » ® ^ T S V ^ ic m T V ^ S 3 i: 5: #M -5 -e & -5 

a 

[0 0 6 7] 

ismz-^ti^^m^^mK^^^x. 
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[0 0 6 8] 

[0 0 6 9] 

[0 0 7 0] 

[0 0 7 1] 

[0 0 7 2] 

[0 0 7 3] 

^muL. mm^^m^m t mm^m t (7}n^m:^^t)'^^^^mxmm l i: e) ^ 
Vimx$>v. fffta^sicfevNT, Rmm^m(Dm^(Dm^ii^. ^m'\im<Dm^<D 

[0 0 7 4] 

±nd.Lr^mMn^mmiffm.^W:i^miz^Lr^(D^mz 0J&v^LEI2 2x$>^^ 
m2 oiz^-tmmm^mmmmmt. p tMn'^^BCom^mm^mm, m2nt 
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■ , ^m'l^m ( f c c - c o ) '^^B(Dm^mmmmm. 0221*. 020^021 

[0 0 7 5] 

^ i-t $ ti ;t M la « $ ti T V \ ^ „ 

[0 0 7 6] 

m2 0iZ^-t^oK. bf-/:sM.^, (0 0 0) iimmMM(-2-2 4) 

4'?^^$t:&fBiii[- 1 - 1 2]:S'IpJS:^bTv^^o ^.fci^-AM* (0 0 0) ina 
tf«E,?sf (2-2 0) - 1 0 ] :&r«I$:^ bT V^S„ 

[0 0 7 7] 

0 2 1 {C^t-im^0?^{Ct;Bl2 0 fC^-t®^|WIimiC, |^ $ tl. 

[-1-1 2]:^\^M[1 - 1 0]:&^HI^^^StlT^^-2>*^ ^tl^CDMaW^^lnlli 

, 02 0 {c^-rM/;5f -^)^^H^^l&:e■foI^MJfe-5>:S'r&I$:loIv^Tv^e:lil:^)'^*^:^)^-5, 

[0 0 7 8] 

'rf£t>t>m2 O{C^-riHl#f00^0 2 l {C^t-|ll#f0?^?:fifc-a-t)i±fe0 2 2 

STMr^D^^-S J;e)Jc, ^?lt^'l4M(Z)liltfSE.^, (-2-2 4) (o o 

0) ^'ns/vfd^mmcDt. ^m^m(Dmisr^j^. (-2-24) i:tf-AM*, (o 

(2-20) ^1 (0 0 0) t. ^MAjrmmm(i)}i^m-\im(Dm 

«fis>^^, (2-2 0) htr-i^M.^, (0 0 0) t.^u/vrd^mma)int-rnt^^m 

[0 0 7 9] 
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[0 0 8 0] 

^^0 2 3;&v>Ligi2 5 itit^mizi^i-i :^mMm^mmmmM^mi^. 023 
im^m^M (ptMn) '^^B(DmMm^mmmm. m2 4\,t^m'\im (f c 
c - c o ) m^(D^Mm^Wimmm. mz 5itm2 3 timzA t (D^mmmm 

[0 0 8 1] 

m2 zRt^z Aiz^-TJ^oiz. SL^m-\imRx:^^m^m(7)m^m.^. (-2-2 
^t:LS.mm'\imM^^mm(Dmm.^. (2-2 0) t\^~2^m,<^.t^us 

M^f|!l:&lBl[l - 1 0]:&fBI:fe;^;tSV^^C|^lr;:&[oJ$:fBIV^TV^-5„ 
[0 0 8 2] 

t-^t)t.®2 5ica^-r j;e>ic, [ii#f%.^, (- 2 - 2 4) i^Bj^.t. 

mizmm^.^. (2-20) iim.^.h:^m/ordumM®^t.r^Rmm'\im<Dm^m 
mti^m^m(Dmmmm^ii'vs.^^iz-^\^x\^^^(Dv$>^o 

[0 0 8 3] 

^ 5:^ L T v> ^ ^ t $:;Si^-r -g) c 
[0 0 8 4] 

m im^nr^:^mizmc mm^£'^^m^m%m\^ l , l % mmu^BmiH iz 
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[0 0 8 5] 
[0 0 8 6] 

t&tH#ffi^¥^f'^:^fBi{c [1 1 1 ]W^^M?&MHra*'^M5fe@Hroibfci/- Ku-^^r 

[0 0 8 7] 

•So 

[0 0 8 8] 

Y-^^ it^t^LYit. Cr, Rh, Ta, Hf, Nb, Zr, T i Pj^lStl'S 
[0 0 8 9] 

^^lZ:^mmX'ltmm^y- \^\y^^(DTiZit. Ta, Hf, Nb, Zr, Ti 

[0 0 9 0] 

V^mx&^znti^ttf^ L VA„ 
[0 0 9 1 ] 

^feSrffHS5^^'[4»li, ftrnxtX' it^r£L7tmx' It. Ne, Ar, Kr 
, Xe, Be, B, C, N, Mg, Al, Si, P, Ti, V, Cr, Fe, C 
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0, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, Sn, H 
f, Ta, W, Re, Au, Pb, JkZJ^^±m7tm<D ^ 1 mtt=.lt 2m&.±(D 

[0 0 9 2] 
[0 0 9 3] 

m^mtti^^m(D(i.-tj:< ii^-miz:^\,^x4¥m^v<m^^-^. i.f)^%mmRmm 

[0 0 9 4] 

:^nmxit. tffSa^Sgxs>^v^^ifG^x^-x' mmit li, 4 5 ( 

at%) &.±6 0 (at%) j;^TT'^-5>3i::*W* bv^„ ^^Mf-S^ig^MlltC <fc 

1. 5 8 X 1 0^ (A/m) J:JAJ:(Z)x^^-^i^#$:#-&r i:*'!-e^-5>o ^i3J:»; 
^?*L<tt> frrfB7T;I^Xfe-5 V^^i^^X^-X' <Z)$M^!KJ:b«, 4 9 (at%) &,± 
5 6. 5 (a t %) je^TT-feU> miCjCoT 7. 9 X 1 0 ^ ( A/m) J^±(D 
3^mM-^a# 5: ^9 i nr |g 7? & -5 o 

[0 0 9 5] 

±n^Lt=.mmmm\Hx&^ t&mm^mit^m'iim t(Dnmx^¥m^'-\km^u 
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[0 0 9 6] 

[0 0 9 7] 
[0 0 9 8] 

Lr^^w^^mizj:vmm'^t\.x\^^^^ii^s^mt.-t^^(Dx:&^. 

[0 0 9 9] 

'KM t. (D^mm:^^m^ tc j: u m^t:^\^tf^ m&^n^ mMm-\im n . mmm^m 
^Miz^m^fpmm^ifrLxmm^titcyv -m^mn^mL. mmyv-m^ 

r ^mti^m^-^nt^mn.mmMmmm^iz.is\^^x . 

[0100] 
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[0101] 

[0 10 2] 
[0103] 

wm^M^AB smmti^^^fcWimmx^^. ^fe, iai7?«x^i6jtc®t>*^*^ 

[0104] 

So 

[0105] 

EI 1 (Z)S=foTlC?^fig$tlTVAS®liT a, Hf, Nb, Zr, Ti, Mo, W 

(D^)-^ 1 m^t^\t2.mu±.(Djbm^£E(r>i^m'^unx^m.-^i[\.tcymm 6 -e^s 



2 5 
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o SrffHT^M 6 ii, ^(D±izm^^n^ty- KU-r^2 2® {l l 1} ®i:bT 

[0106] 

®#®i:W^:^i«J{c, f^^S^jfc {111} ®^ LT^$tL^^#f^*gara;^)'^'^ 

5fcBBlnI$tlT(.^-5)o SufBS/- FU-r-V2 2li, N i F e fe^V^ttNi-F 
e-Y-^^ (fe^LYli, Cr, Rh, Ta, Hf, Nb, Zr, Titi-^^Mit 

[0107] 

ttfiaii 1 i]M^ LTS^ti^^ffi (1^^) f^m^mtLxit (i 1 d ( 
-111)®, (1-11)®, (11-1) ®, (-1-11)®, (1-1 

-D®, (-11-1)®, (- 1 - 1 - 1 ) ®;b'^#^f -5 = 
[0108] 

•t^£t>t>:^mBXit, frflHS/- Fl^-r-V2 2li (111) ®^, -etl^^M^ 
(1-1 1) ®^*'Jl^®^¥^?^7^lRI^C#$fe@BfoJLTV^^(7)T'fe-g>„ 
[0109] 

t.r^:^nmxitmmty- KU'-r^2 2ti^?afCT#^ffi7?^-£>^i:*W^ Lv^ 

uti^x^. mmmfj^^^n^'^y::^mmo)mmzy-\^iy^^2 2^(D^m,^mm 
't^ztiti'^-^mx&^o mm-tyTsm^ii^ty- Fu-r ^2 2{cr^)-g^b^-r<^^ 

[0 110] 

BufHi:/- Kl/-r^ 2 2 $:#?^tt-e?^fig-r -5lCli, _hfHLfc#K<De) *.N i - F 
e - Y-^^ (fe^'L Yli, Cr, Rh, Ta, Hf, Nb, Zr, TiA^^^lf 



2 6 
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X. 3 0 A^lgT' J^fig ^ ti -5 o 
CO 1 1 1] 

it. Ttl^X (^^'bXl±, Pt, Pd, Ir, Rh, Ru, O sCDo"^ imtfc 
[0 112] 

Um^M<. $^{cx^^^?^# (Hex) ^:K^<X^^r£ER^m^Umt. 

[0 113] 

^fe*l§^T'li. tafH;g:^i^ttM4 $:^^Xh^^X' (^fe'L5^I^X' 
Ne, Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, P, Ti, V 
, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag 
, Cd, Sn, Hf, Ta, W, Re, Au, Pb, RXf^±m7bm(Do%im 

[0114] 
[0 115] 
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<^oTL*e». mz^mmxit. mAmr-mmL. ^vS'f47!f>^ 

(Ne, Ar, Kr, X e (D^ imt-tdt 2mPJ±) ^jiMX' 

i^^Ztfj^X^^. 
[0 116] 

tdi-fx. mmmicj:^x^^-t^^mm^m^^. mmmKi^^<x^^o 

[0117] 

OT'feU, J:y^*L<{±, at%T', 0. 5 7b^ 5 ■efe€>o * fc*^0.^T'liSff 
iB5t:0Xl±P t T'fe-2>r ^7t)W* L <, ioTPt-Mn-X' ^^^r^M^r-S 

[0 118] 
[0119] 

frjfa0^?^ttjl3 li, CoMl li:Rul^l2hCoMl3 Irf 

sB;K3^^^'KM4 t(D^mx<D^mM^mmzj:>'jmn^comi i iiconi 3® 
mtn. ^(Dmmizj:vm&m'\im3(Dm^\:^^^i^rcV^mizx^. tr=.mmm 
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[0120] 

^^SalHCoMl 1 liMAli2 0 A^ST^^^^ti, RuMl 2 « 8 A^ST 
J^^^tl, C oMl 3 1 5 Ag;g-e?^m^tl-5„ 
[0121] 

$tlT^J:V^„ ^7t#Jgll, 12, 1 3 li, JifB L ^«#)p5FJe;^^(Z)M3^{C J: 
[0 12 2] 

, hy:^jvm^(Dmm^m^^r^hy:^jvmmn.m.m^mm^ (tmr^^^) 

[0123] 
[0124] 

MfH7U -?^'f4M 1 N i F e-^^M9 C o ]^ 1 0 (Z) 2 S7;'?^^$:n^o 

ai {c^t-^e)jcsfftac oMi o ^$m-\i^mm2 iimt^mi^m^-t^:iinz 

[0 12 5] 

^^SfrfHN i F e -a-^J^ 9 it. Mx.«BiffHN i ?: 8 0 ( a t %) , F e 5: 2 0 

(at%) tLxmm-t^. ^t:LmmN iF e^±m9 0)mm^m^it4: 5 AM 
m. com^5Anmxm^-t^. 

[0126] 

m liZm^ ^ O izmmy V-m^M l(D±iZliT a, Hf, Nb, Zr, Ti 
, Mo, W(De) t, ia^fe^i2mJ^J:(Z)^m;&h*(^#?^tt#MT'?^^$tLfc'K® 
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[0 12 7] 
[0 12 8] 

co-cr-pt iziji;vh-^u2^-B^) ^^f^ifx^m^^tix^^). mm 

M8, Sa, a-Ta, Au, Cr, Cu m) ^if-Tr?^ 

[0129] 

[0 13 0] 
[0131] 

mmAy^ \^mt>^m^^tia^inz^-DX. mM.m.ffimmz^-^-t^+^}dy 

(-hloI^Xtf^ : u p s p i n) (Z)«^{Ci3it^¥±|fgaxS (me a n f 
r e e path) ^MltL. \^iD^^:^\£yy ^ -1^^ (spin f i 
Iter effect) \z ^ ^) y.\£y A)\y':fmm,%m^\ziQ\^x . ±^t^m.tfi 

[0 13 2] 

^ms tcD^miz^m'^^m^ (Hex) $:i§^$-&, znizj:i)msm&m^ 
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[0133] 
[0134] 

4xTVN-g>. BrffaJ/- Ki^-f -^2 2 ti, f^^filKc [1 1 1 LT^^ti-S^tfj^ 

m^mi)mmit.m^m\^'r^^oi>zm^^nx\<^^t)K z.nizj:^xmmiy- f 

[0 13 5] 

Fl^-r^2 2l±, l^®hW?&:^lBJtC (-111) ffiT&^M^gHioi-r 

{c (-111) M^^«$fei2f^-r^o 

[0 13 6] 
[0 13 7] 

M®i:¥^?^:^iBiic, f^^6^(c {ill} Si: LT^$ti-g>l^i::;^fiiif^^M7b^ 
M 5fe @H fBi b T V ^ ^ (?) T' ^ ^ o 
[0 13 8] 

[0 13 9] 
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111) ®f^{c#:fe-r^ [110] ^ftQA^ tffiB;^3t?^'fiM4 tm^m^mst: 

S V ^ t C M S ^ f«I |oI V ^ T 1/ ^ <g> ^ i: ;^)^ t> -5 o 
[0 14 0] 

[0141] 
[0 14 2] 

:iL\:f^^ty^j\ymiz^m^n^ ii. ^^m^M4 nm^m^ms nx^xcDm 
f^*'5|BID:^f6I^cl^a^, mm^mx^^m-\im4 (Dm^<Dm^^itm^m-\im 3 (dm 

fj^mtLX. (Ill) m\^iz:^^t^ [110] )S3^^'I4M3 1 

[0143] 

^(D^or£i^^m\^t)m^mm(Dmmx^cx\>^-^t.. mm^mm'i^m 4 ^tm 
mm-kmLx^m&m^m3CDm^smmiz^M^nx. mm^^mmmm^m^ir 
, ^mm-^mmm^iz^ri^xL^o. 

[0144] 



3 2 



aiaE# 2001-3027076 



#2000—209468 

^m-t. mmm^<D:^mmiz^H^:^\^yAjv^m(Dmmm^mm'r^t. mm 

[0145] 

:^mnxit. ±mLr^i^Mm\^^^i^-^i±^r=.^(D—D<D:^mtLXRmm']^ 
2 ^mi'^^:r.txmmty- Ku-r-v2 2±izm^^n^E^m^m4:j^xj^m^m 
mt. -k^r^mm^itm (ar/r) ^^t^*^-t. 

[0 14 6] 

^r=.:^mmxit. mm^^m^M4jsLz:^m^m-\im3(Dm^^n^jt:^\^izm\^ 

m^^^^\^^\^^^x\i^^t)K :i(D^z>^^mm:^n(D^^it. mmmmmxmm^ 
^m'\im4itm&m^m3com^Bmmiz^M^n-riz. yf^mmmnvxcD^^t^iL 

:^m'f-:fy^ibmmmt. bT(Z)CuAu-I MCOS^OiE^I&^^lCjg-fJflC^ffi b t) CD 
[0 14 7] 
[0148] 
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®^^'[§M3®^B^S#i:*^ MfH;5§Sa'ffi»4 tmmm^mS t(Dnm(D<}.^f£ 
[0149] 

EI2 6, 2 8 (H2 6itmMn^mum^M (tem^m) . m2 8itm2 e 

sm^izit. tafB#M^cfev^T^g^^'^4M4^^J^®:&[«I(Z)^B^ffi^, 

M ^ |Bl |oI V ^ T V N ^ CD i: Jfl M T ^ -5 „ 
[0 15 0] 

1112 6, 2 8 {C^f^^^^tli, JrfclcMi: LT^^tlS02 7. 2 9 (EI 2 7 
^•t^MMi:^i^^*^^cM^'5:li:>b•^t>7b^-5= 02 7, 2 9-eii, PtMn-^ 

^n<i<^^j^m^B'i&t)Wm^nx\,^^i)^'^x:&^o 

[0151] 

*l§B>3(Z)J:e)fC0 2 6, 2 8tC^t-J:e)^^Blr^^#^^-r^^glM-^MT?feS 
i:, ^Mmi5g{c^3vxTtulB;S3S^^'ffi®4 i:@S^ttM3 ^tta:tr^^S/-v;i/6«j^ 

[0 15 2] 

tfe:$:#§BHT'tt, s.mm^m4 ^m^m^ms t^^^L. mmm^mLt^^ 

e>tifej&e3, H3ta'ffiM4 i:@^?^'ffiji3 iicD^aSHfpItt, S&ia;K§tattM4 
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[0 15 3] 
. [0154] 

1 0) ®^^*T'fe-g,e 

[0 15 5] 

PtMn^CoFe, Ni F e ^CD#^h^|&^® {hk 1} (D®r4|5gli, fe^^ 
^»T'fe^fe4?), #llI#f3®.^>{C^fiif?aj {hkl} ^-&fi^#J-t$:-t-5Z:^;()^T^ 

<Z):&|titcMLTMM^-5VNiiftm$tv;t, #[i!#flS,^Jc {hkl} jai-s^^coJI 

[0156] 
[0 15 7] 
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[0 15 8] 

mK^m'\im(DmmmRxf?iim^m(Dmmmiivs.\^^iz-m-t^ oie, i8 

[0159] 

i:T'2v^{C'r4^Tv^-5>(7)t?feS (016, 1 8#M) o ^tLli, ^rj^t>-^m^ii 

^'^K^m-\im&^^^it^m-\im(D-:^(Dm^m(D^izmn^^mx^^. &^m'\i. 

[0 16 0] 

^l§H^T'«, 017, 19 (0 1 7 li^jgli^^tll^^, 019li017{C^ 

•riHitf#®m^0) izm-titmm^itm^ii^izm^ji^mmm^m^:itti^x^^ 
i)^^^r^il^^zmtmm17\^i^^^(D:^miz^nt^. $>^u^m^^-tmm^j^. 
mmmxm^iz-mLXi^^-/}^ibx$>^. 

[0161] 
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[0 16 2] 

[0163] 
[0164] 

^tc^mmxit. mmBLmm^m4. tmmm'B.m3 ii(Dm^sm\^^±mtnm 

[0 16 5] 

(If- A) $:AM^-&, M3£a'[4M4:5:t^*@^^^'^^J13®^tl^4^^Cov^r 
l^^lcMiii«^-^[atf#$:#S (0 2 0^r>*|112 1#M ; 02 0 li;^?^?^^ M 4 

[0 16 6] 

i:Sit:7^*g^®i:WT'feU, Mx.litfffaii^&^^ffii: W^J^^ffili (ill) 

i^xm^ti^mmf£U^am(D:^[^x$>^). &^\'^it}x^m'\imjkzj^mm'\i. 
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[0 16 7] 

<fc U^^tcm'J-e^^ (0 2 2#M) c 
[0168] 

mm iummcDtumm®. jkxj^ummmtumM®) it. mms:mm^m(Dm 
mmjk'c^^m'\i.m(Dmmm}:i'vm^izirt\,r^v<mtf£^x\^^^ (02 2#fi^) „ 

$ft®*^:«>'^, M^?^'ffi»4 i:®^l^'ISjS3 hT'5v>lcMJ&'5>:S-|nJ$:foIVNTVN-5r 
4 ^@^?^ttM3 i:TSv^^cM^'57?|BI$:loIV^Tv^^^i: $:St5fc-rSc 

[0169] 

J:BBcO:*:5§0;^{cefj--53giM«d^^IlI#f#li, S 2 3 v^ bEI 2 5 (EI2 3«jS 
3^<^'[4M<Z)liltf^(Z)m^|2I, |gI2 4^i@^^^'|^McollI#f^<:Dm^0, I112 5ti|g 

[0 17 0] 
[0171] 



3 8 
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[0 17 2] 

^ f# -5 ^ i: :?)^ -5: fg T ^ o 
[0173] 

[0174] 

[0175] 

^ti{cADx.TBffsas§s?^'ffiM4 itm^miz^-oxm^f^mmMm^M^^^i-fti 

[0176] 
[0 17 7] 

*5§B^T'li, H3t?^'l4M4 ®^^Xfe^V^^i^^X + X' (Z)M^^%$:4 5 (a 

t%) J^A_t6 0 (at%) J^ATtCtg^f -S^^lTbW* LV^„ 3 tltC J: o T^MI^ 



3 9 
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4 itmmm {c J: o T mm^^mwmm^m-t ^(Dt mm ^ ti s „ 

[0 17 8] 

iZjztHtl. 5 8X10^ (A/m) ^_h<Z)xmM-a-?^# ^#-5 3 il jO'^ WTIgT-fe 
[0179] 

^r=.:^mBXlt. ttffH^0Xfeav^li^^X + X' COM^%$:, 4 9 (at% 
)J^AJ:5 6. 5 (a t %) t^TtCig^f -S^il^W* LVN„ rtlCi'J?. 9X 
1 O"^ (A/m) J^^i:(Z)3^gl^-^?^#S:f#<2>^^*'jRrteT'fe-5o 
[0 18 0] 

^^^^c^v^T, mmRmm'\tm4: tm&m^ms t.(D^m(D'p^jt< ii^-m^ 

tc i- s ^ h nTIg T' ^ o 
[0181] 

< i:=fo-ai5*^, frflBi/- Kl^-f ^ 2 2 i:;S3t^'[£J14 i:T'Sv^^cM^■S^^nI§:fpI 

[0 18 2] 
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[0183] 

[0184] 
[0 18 5] 

Ml 0 ^'u-affiMi, ^m^^mmz. Rz^comii. rumi 

8 7b'!?^fig$4^TV^^„ 
[0186] 

t£^^mo^UM^izmLxii;.miizMmLr^:^}dyAjvfmmmm^tm\:'X 

^ o 

[0187] 

|2I2C^t-^t:°>A;i/-^'M-#m*^T'li, M3S^'[S®4 ^©^^ffiS 3 liM® 

i^c^ffij&^^fft(Z)'>4^< iit^-gp:^^, mm^^m^m^ tm^m'^ms t.xK 

V ^ { C M ^ e |oI 5: [Bj V ^ T V > = 
[0 18 8] 



4 1 
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[0 1 8 9] 
[0 19 0] 

[0191] 

(If- A) $:AM$-l±T#e>ti;fe.R»[4M4^t)f@^?^tt»3(7)3gii§«^^IlI 
[0 19 2] 

[0 19 3] 

±m(Dm^. mm^^m:^\^^z^m■t^mm^.^^t. i^mmiz {i 1 1} mni^ 

[0194] 



4 2 
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[0 19 5] 
[0 19 6] 

^ -e S V ^ M ^ ^ I«I fSl V ^ T V ^ S =b (D M ^ -g> „ 
[0 19 7] 

[0 19 8] 

i^f=.m2\z^-ty^\:^yA)\^^'mMmm^x\t. jx^M'\&.m^ s^*x 

fe<2)Vxli^^X + X' ®M^i:b«4 5 ( a t %) \^k±Q 0 ( a t %) J2^TT'^<§) 
Zli:}^^^? ^ LVN„ z:tllCj;Ul. 5 8 X 1 0^ (A/m) i^AJK^x^^-^i^l^?: 

[0199] 

tt^gH^^x^■5v^^i5t:^x^-x' ©ffi^itii, 4 9 (at% 
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) ^±5 7 ( a t %) ^^TT'fe'SZlilTbW* L/V^, ZltltCj; U 7. 9 X 1 0^ ( 
[0 2 0 0] 

[0 2 0 1 ] 

[0 2 0 2] 

t&lHT:%M6li, Ta, Hf, Nb, Zr, Ti,Mo, WCDo%0^^fji< 
[0 2 0 3] 

=fo;S?^?^'ffiM4 i:®#ffi^^^f/&:&fBjjc, f^^6<j{c[i i i ] ffii: LT^Sti^^ 

[0 2 0 4] 

^2 2±izm^^ti^R^m'\im4:. shafts 3, r^js 2:5:0^:7 u- 

[0 2 0 5] 

*y^|2I3-ei±@^^'[4M3*\ CoMll, 13, Rui^l 2(D3Mj^"e?^fig 

xm^^tix^f)-^tt>fji\'^o 

[0 2 0 6] 

U -l^'SM 1 it. N i F e-^^M9 hCoj^l 0 t (D 2 MJ^T'?^^$ tl 
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[0 2 0 7] 

T' S V ^ f C S ^ -5 ^ ffil |oJ V ^ T V ^ ^ „ 
[0 2 0 8] 

^!|^# tu ta#® CD ^i^^ < - -e ^ ^^ffiac o T V ^ ^ „ 

[0 2 0 9] 

Mate ck o xmm£m§}mmt>^r£^ tir is »j , ^r^-s ^ 

[0 2 10] 

?^J3M!^?^'liM4 iiH^^ttM3M®i:W^:^|nlCf^*e*f{c [1 i 

[0211] 

ia^#>S. CO M # S V \ tc - iS[ L T V ^ ^ o 

[0212] 
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[0 2 13] 
[0214] 

ttM ® - <z) imtf # ic ^ ^i ^ o 

[0 2 15] 
[0 2 16] 

i: ^ ^ f«I fc m H^® IB l«I b . L =fe ta f B*g air® P*3 tc #iS 



4 6 
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[0 2 17] 

fe<^)V^^i^^X^-X' (Dm^itlt4: 5 (a t%) J^^±6 0 (a t %) &.rV$>S 
[0 2 18] 

^r=.:^mBV\it. tr^fa7t:^X^SV^^i5t:^X^-X' ®,«i:bl±, 4 9 (at% 
)&.±5 6. 5 (a t %) JI^TT'fe^^ilTbW* LV^o ^tl{Cj;U7. 9X10 
^ (A/m) J2^_t:(Z)xmM^?^#$:^?-2.^^*Wlg'Cfe^o 
[0219] 

^jtig3{c^-ri:e>iCirffH^u-?^ffiMi±{c«, h^y^m:^\^ m^x:^ 
16, 1 6t)^m^-^nx\<^^o 

[0 2 2 0] 

7&^r(Z)ai^7x^i>e;>V'?>r Txjs 1 6 li, x-Mn-^^ (t^tdi^xit. Pt 

, Pd, I r, Rh. Ru, O s (D o ■^^^'Ttlf}^ 1 Ut f^it 2m&.±(D^mX^$> 
-5) , ^f*L<liP tMn-a-^, *feliX-Mn-X' (tctdLX' l±, N 

e, Ar, Kr, Xe, Be, B, C, N, Mg, Al, Si, P, Ti, V, 
Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, 
Cd, Sn, Hf, Ta,W, Re, Au, Pb, M^±m7bm(Do iMt. 

[0 2 2 1 ] 
[0 2 2 2] 



4 7 
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[0 2 2 3] 

# ^ r ^ oTig -e ^ „ 

[0 2 2 4] 
[0 2 2 5] 

mtyv ~m^m i <Dmmm. nxm cfii5t#it ^ nso tf- am,^,*^ ^ ^fc 

[0 2 2 6] 

bL 2 V^ tC -rnX V^ ^ © -2) „ ^ V^ litfrtH tf - AM.*.*^ '^^fct^ {CfiffHM 

SSi^'ffi M ® - [a^^ (c ti -5> (Z) -5 „ 

[0 2 2 7] 
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[0 2 2 8] 

mLr=.mm^j^.ffmn. mmmfTM.^.(D^-h. x^>?.^3i>2/VN'-rr>^M i 

[0 2 2 9] 
[0 2 3 0] 

±m(D^ofj^mmm^mmmm^m-t^^i^y^-^jv^mmmm'?-x&^^> x 
'pr£< t^—mtiK tufax^^f^ai>i/'A-f Txs 1 6 ii -SffiJi 1 i:T'S 

[0 2 3 1 ] 

mmy V ~m^m 1 (Dmm^'B^^x it. y.^aiyvA^ry.m i 6mx(D^ 

m'^^^mz^^j y u -m,^m i *'^ia5^x:&[HiJc#?^E>fbSti, y u 1 
h^^y ^iiiiTw«cD^^>ft:ti, MmmzMi^xKiz^-t^mmizm^xyjmiz 
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[0 2 3 2] 

[0 2 3 3] 
[0 2 3 4] 

-r-V2 2(Z)J:lCai^X5^3i>S;>V^VT;^Ml 6, l 6 7()^J^^$tLT^.^-5„ 
[0 2 3 5] 

mm-M<Diy~ \^U4^2 2M:r.^ a^y tP r 7.m I ^mt. S i O 
2^A 1 gOg^CD^e^MI^-ej^^^tLfeii^e^jS 1 7 }C j:oT^l«)^>tlTV^-5„ 
[0 2 3 6] 

[0 2 3 7] 

-^^-e^^^^tlv ttfia^^XfeS V^^i^^X^-X' ®jffl^i:bli4 5 (a t%) ^ 
±6 0 (a t %) JiiTTfe-g>:ii:7!)W^ L<, j;y^f*U<li4 9 (at%)J^Jl 
±5 6. 5 ( a t %) Jg^^TT^fe-So 
[0 2 3 8] 

mi^m^m-tz.h\z^ utfffan:^x^ai>e/'A^TxM i 6 u -^^'is® i 

<DMH^«3^fcitjm$ti-r, t^ejf^tcit^T^^^&^m^-^ 
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[0 2 3 9] 

[0 2 4 0] . 

[0 2 4 1 ] 
[0 2 4 2] 

V^„ *7^tr^SHMH^®I^^CfeV^T, f^*6^tC< 1 1 0 (fij L $ tl-S 

^^#o:^fni:«)^, ii^x^a::>s:;A-rTxS 1 6 i: ^ u -m'&M 1 ^:T'^v^^cM 

[0 2 4 3] 



5 1 
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[0 2 4 4] 

[0 2 4 5] 
[0 2 4 6] 

^5L3t[atflS>^,*^Jiti, ttflHiatflS.^,®e)-^, :n^x^ai>$;>'A-f T::^M1 
[0 2 4 7] 
[0 2 4 8] 
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xiz^f^^Wins^m^tim^n^. 

[0 2 4 9] 

mzyj -m-\^m I (Dmmmmxit. x^x^x>i;A-rrx® 1 6mx<D^ 
mmo^mitit. Mmmz.MLx^m'r^mmizm^yi:^\^izmmzm:^i^tix 

[0 2 5 0] 

e>fCtrffH#^ffi4'raS2(DJ:{C«@^a'f4M3;()'Jj^^$tiTVNeo $ ^ICfSffHS 
[0 2 5 1] 

V^ tCM^ -g) fnj |Bj V^ T V N ^ „ 
[0 2 5 2] 

^mmiihx^r^t.^iz. mmRmm'\im 4 ommm^ t. mmm&m'\i.m 3 

[0 2 5 3] 

ti^-^mx'$>^. 

[0 2 5 4] 

j^^M^^ffiM4 i:@^a<l4M3mffii:W^:^r^{cf^^6^C[i i ilffiiiL 
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[0 2 5 5] 

[0 2 5 6] 
[0 2 5 7] 

±ia0#-6r, trffHM^fBiiC'Sg-r-5ia#f?s,^,tt, i^mmiz {i i i} 

T ^ $ -5 ^ tr ^ H^® ^ b T V ^ -g) r ^ *W ^ b V ^ . 
[0 2 5 8] 

mmmizit. tn^n(Dm(D^'^^Bm^mt'^^^!^jzM}tLr^mmMj^.t)^m 

mR^m'&.m(Dm^mRx:^^m'\^m(Dmmmt:xs.\>^iz-rnx^^^. ^svn^, 
m'\^m(D-:^(Dmi^miz(D^^n^. 
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[0 2 5 9] 
[0 2 6 0] 

-r-s, &^m\:^^m^£'^^m(D(i.^^^< jK§^^ttjS4 iiMi^ttjgs 

[0 2 6 1] 

EI 5 {t^mm (-j- -5 ^*rL r ;i/ X ti° > ^M^m^^<z)«jt §: ^-t SP^^T® 

[0 2 6 2] 

Mm^ms. SMttM4, ^J:0f#MM7 A^^g!LT«M$4^Tv^^„ 
[0 2 6 3] 

[0 2 6 4] 

:i(DmmmX'it. y U 1 J; U %j|lI^T{l!I{cfi[«^^;53S^'K»4 ®T 
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^X^SV^ti5G^X + X' (Dm^itlt. 4 5 (at%) J^_h 6 0 ( a t %) 
Vmm^tl^^ti}mt.L<. ckU^f*L<li4 9 (at%)je^±5 6. 5 (a 

t%) &.yv$>^o 

[0 2 6 5] 

[0 2 6 6] 
[0 2 6 7] 
[0 2 6 8] 

[0 2 6 9] 
[0 2 7 0] 

•tt^ht>:^^m-eit. y U -?^ffiM 1 J: U =bJ:{|i|fC0fig$tife;K3^i^ttJS4 
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[0 2 7 1 ] 
[0 2 7 2] 
[0 2 7 3] 

^c^v^T, i^mmz<i 1 o>:^\^tLxm^n^mm^jtm^am(D:^\^i!}K 

[0 2 7 4] 
[0 2 7 5] 

txK\iHz-rnx\^^^o $>^^^itmm^-2^mj^.fi^<h^r^t^iz. mmmm:^\^ 



5 7 
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[0 2 7 6] 
[02 7 7] 

m i^mmfi i-t ;^)^ $ ti ^ , ^ ^ mm^j^> if - am.^, ^ -e m ^ tdumm 

[0 2 7 8] 
[0 2 7 9] 

t^. &^m\^mm^jtm^m(D<pr£< t-^-^ttK Rmm^m4 tm&m'mms 

[0 2 8 0] 

0 6, 7«, :$:#§H^C0AMRM<^^®m^^^^^®«^?:^-r^®l2lT'^^o 

iii6fc^-rj:e)ic, rti^^mm^m (salm) i 8, ^mmm (shunt 
») 19, i3^x:^mm.mmm (mrm) 2 ot>mmhxmm^nx^^^o 
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[0 2 8 1 ] 

. m%m.trim 2 0 it. N i F e-^^tC j; ^;?^^S4^TV^&„ 
[0 2 8 2] 

fpi) (Dnm(D3'^izjL^7.^aLyi^A-^r:^m (Mss^^ttS) 21, 21;^'!?^^ 

, 2 1 (DilCJ^ftg^tl-So 
[0 2 8 3] 

tr^m'ivit. h^v^m:^\^ immx:^^) izh'y^y^mTwcDmm^m^ 

>^^ai>^:;A-f TXM2 1 , 2 1A^?^^$tl, trfSH-^CDi/- Kl/-r^2 2^0? 
X^Xf=-ai>i/VA'-f T:^M2 1, 2 ir^:«)^S i A 1 203^(Z)ifife^*f3N^'e?^ 

[0 2 8 4] 

^mmm (mrm) 20, mm (shuntm) 1 9. Av^w^M'i^m (sa 
LS) 1 8t,mm-^n^o 

[0 2 8 5] 

:*:^0^TM±, Ef6^af7tc^t-x^X5^ai>s;>VNVT>^M2 lii?^^®mM2 
OliTOt5p^f^^r&I(C|BlD^ffi?&?^H^®*'!«5fe@H|BjL, L*^tJtfrfa»^H^®P«3^c 

[0 2 8 6] 

*feSrffaa:^x^ai>^:/'AMTX»2 1 ^^^smJB2 0 

1 (^m^Bi&^tmmm%m.mm 2 o(DM^!fez#ii#ffi®4>?&< i:=fo-ai5tc^.vAT 

^ ^ is ^ ffi. { c 75: o T V ^ ^ o 
[0 2 8 7] 
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[0 2 8 8] 

mmm(D:^\^ti\ x^xf^x>^/V'«-rTxJi2 i in^^®mM2 o ^t-svmcm 

[0 2 8 9] 

t mM^mmm 20® mmm. nxm i^mmi^n $ tua^ if - am * ^ 

^ li, tat HMS^I^'f^Jl O EI^^S: t>*5£^'f4M (Z) lllff # ^ S v ^ IC - 
[0 2 9 0] 

nTv^^, fe-g) v^^itafatf-AM.^l,:^^^^fei:^^c. ttfaaiKJS^i^JiA^c^:^ folic 

[0 2 9 1 ] 

r ^ $ ti -5 ^ ffi J& ^ ^ ® ^ b T V ^ s 3 7b w ^ L V \ „ 

[0 2 9 2] 



6 0 
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[0 2 9 3] 
[0 2 9 4] 

i:a^SMM2 OliM®^¥^?^^I^JC|Hlt:;^ffi;^MM7b^#$feiBffiIb, 
[0 2 9 5] 

J:fHbfe|g|6;&z>'gI7 {C^i- AM RM^j^^^T tufB:ii ^ ^ > i;^V^V 
TXM2l, 2 1 i:^^®mM2 0 ^(Z)#®T'|§^t^3^^^^^Ml^lCj: U> 0 
6, 7 {C^1-^^MM2 0(Z)EfIig(^\ llI^X:^lnIfCM|S'fb^tl^c -^bX 
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[0 2 9 6] 
[0 2 9 7] 

[0 2 9 8] 

, 4 5 (at%)J^^Ji6 0 (a t %) je^^TT'fe-SrilTbW* b <, J:U^*L/< 
tt4 9 (at%)^±56. 5 i ai t %) i^ATX^ ^) . ^(Z)^Hl^"efe-g> ^^JSE 

[0 2 9 9] 
[0 3 0 0] 

7.^ a:.y V A>( r y^m 1 Q ^) -MM 1 a:^:;?.5^3i>'^;^V-^'-r 
r:^S2 1 lim%^tiim2. O ^i®^®, RZJ^iy- Kl^-r^2 2:^^?^fig$ti^^-^ 
tc«, ffflBi/- Ki^-r^2 2 i:M?t?^'M4 ^(^)#®, JROffffiai/- FU'-r^ 2 
2 i:x^^^x>i;?A-f T>^S i 6, 2 1 ii(Z)#ffi©^^^< ^ ti-gpti^^M-^^ 

^*LVN„ ^m^mizi5\^^xmtmmtim^'^mx^^ mmm^mi^x^m 

[0 3 0 1] 
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[0 3 0 2] 

smmx-mm^^. mmEmm^m^^m^^-t^mKDR^m^mzs. ^2® 
-X' -^^xm^^n^. 

[0 3 0 3] 

tct£Lmmmmiz^^^x. ^ijkv^^3(Ds.mm^m2s, 2 b^m^^^Tt 

[0 3 0 4] 

^rMmi(D^^m'\i.m2 3 t.m3CD^^m^m2 5 iKDmi^m^-^n^m 

[0 3 0 5] 

^(D j;e)(C^l (DR5t?^ttM2 3:5Lr>*m3®yS3Sl^'ffijl2 5(Dnimx$>^\,^it 

^mx+x' (Dm^tt^. m2<D^mm^m2 4<D^mx:^a\>^it7i,mx+x' 

[0 3 0 6] 

I (DK^m^M 2 3^0||3®M3ta'l4M2 5(Dfc^X&ev\ld:^^X 
+ X' ®M^RJ:bti5 3 (at%) ^^_t 6 5 ( a t %) J^ATT'^ r ^1 * b < 
> J:y^*L<tt5 5 (at%) J^± 6 0 ( a t %) J^TT^^. Sfeffffaill 
(DR^l^ffiiS 2 3 ;5Lt>*|| 3 <DR^m.'\im 2 5 (Dj^jPli 3 AjgilJ: 3 0 Ai^TTfe-l> 

:itt)m^L\^K m±itm8(Dm^xit. mmmiRnm3(DK^m^m2 s, 
2 5 ^^n^ti 1 0 A^s■r■?^^bTv^^„ 
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[0 3 0 7] 

a t %) 5 7 ( a t %) &.rvm^^tl^. 0^ L < li, 4 6 (at %) 
±5 5 (at%) je^T-e^-So ^^X&-5V^tt5c^X + X' ©JlMirbTb'^ ^ 

P^TJ^fig^tiS^, MH^Sfef r i:tcj;oT|fflBm2®M^?^'f4M2 4 it^m 
I'm^*^e>MM'm^^^ffib^t-<^-5»c ^^trfiB^2®;K3t?^'ffiS2 4(Z)J^ji: 
li7 0 A^^±T^^-5zi^:75)W* L/VN„ tSc^ES jc^-r^]6gM(Z)#-^{c«, ftfiaH 
2 2 4 1 0 0 A@ST'?^^LT 

[0 3 0 8] 

*fc±faLfe#M3St^'M2 3, 2 4, 2 5 ^^ST'J^^-r-S^^^W 
*LV><. ^J3:i(^)t^, l|l>5:t>'^3(DM^?^'M2 3, 2 5 $:, H 2 
'f4M2 4 i y fe^£v^;^.y^°^y ^;5j*>?.flt-rj^^-t-S:ii:*W* Lv>o :iti{c j;tj. Iff 
gHlli.5iCKIl3(DM3Sl^ttM2 3, 2 5cDfc^Xfe-g>v^^i^^x^-x' mMit 
|g2(DM3K^'l4JS2 4®^mXfeSVN«^^X + X' (Z);fflfigi:b J: U < 

[0 3 0 9] 

r=.m^v^. MJ?^initc5^^xfe^vNii^^x+x' (Dm^it m^%) 

ic^>ft: $ i±T -5 r i: nTIg -e & ^ „ 

[0 3 10] 

, S/- Kl/-ri'2 2;b>P,|ttl-g>tCbfe*^oT#^fC7.yN°^y ^;5f^i±$:]g< bT;S 

itmm7.Ay it:ff7.B^'^^izm.< hxmv(DR^m^m4: ^mm-t^(Dx$>^ 

a * 

[0311] 

zio:>:^miz^tiit. ^cigx^s v^^i^^x^-x' ©iiiM^it it. i/- 
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[0 3 12] 
[0 3 13] 

^J3frffH©^attS3 i:®#®3a^;5:t>*5>'- Kl/>f-V2 2i:®#®3£^T% Iff 
lB;S3Sa'ffiji4 §:«^-r-2>^7S*®M^i:[:$: 1 0 0 a t % HVtcH^K. 
fe^lr^«5^0X^-X' (DJffl^ib?:, 5 3 a t %jejl_L 6 5 a t yoJ^ATtCf -2> ^ 
tift. b<, J: U^f * U< li5 5 a t %&.±6 Oat %J^^TT-^-g)o 
[0314] 

^feM?S^'ffi»4(7)MJ¥:^|oj®^i^#3£-e, mmftmx$>^\,^tfbmx + x' 

mMit^4 4 (at%);^±5 7 (a t %) J^Ti:i--5r^l7!)W*l.<> J:y 
^f^b<ti46 (at%) ^^^±55 (at%) J2^TT:'fe^c ^ 7ttfft3)K^?^'f4M 

[0 3 15] 
[0 3 1 6] 

izj:^xmm izyf^mwrn^ ij-^^mwrn^iz^mL^p-t^^ m^x m^^nt^m2(D 
Kmm'\im2 4 ^mnx^^^<Dx. mmmizj:^xmmm2(D^^m^m2 4. (d 
^^^x^mijmtitmmiz. mi]kz^m3<DR^m^m2 3, 2 b }i^2(d^^ 
^ttM 2 4 r^-eMfigjfifc^-^^^'g) Lt^fp^xmrnm 1 >SLt>'^ 3 cd^s 
^m^m2 3, 2 5(D^^^x^. ty- 2 2Rrj^m^m'\im3 t(D^mx 
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[0 3 17] 
[0 3 18] 

^mmin.x^t=.ii^ic. mm&^m'\^m 4 (D^sfezi^ t«tH@^^ffi» 3 (Dm 

[0 3 19] 

'&^3^^M{C^tt-5)K3t1^'ffi»4 (Cli, S>'-Kb-r-V2 2^t>'®^?^ffiM3 
[0 3 2 0] 

umm 7 Micg?-r 2 ©^km-k m 24^2 mmmxmm l r j: v^o 0 2 t 

[0 3 2 1 ] 

J&fe±fH®ie)^c;£^^^'t^M4 2Mi^-e?^^Lfc#'a-tci±, mmmmz:^i,-^ 

^ o 

[0 3 2 2] 

*^S3®>?.tf>/N';i/->^'i5[»m^^-(D^^-eij:, x^;^^ai>>>"A-rT;^Jl i 
6 $:llI2®®^i:|Bl#tC2jlJKT'?^^t--5o ^ 1 C0;S3iatt» 2 3lj:7'J-?^'ffi 
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[0 3 2 3] 
[0 3 2 4] 
[0 3 2 5] 

2 2iZM^oiZVr=.tf^'DXMniZM-t^^mX$>^\^^tftmX + X' (JyU^%(K> 
[0 3 2 6] 



[0 3 2 7] 

^fcx^^5^i>i/A-r Ty5.M 1 6 ^my(j^)SMW&.m^(b^'h}Lnmzzm 

[0 3 2 8] 
[0 3 2 9] 
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[0 3 3 0] 

2®M^^'[4»l 5(Z)2MmT'?^^-r^. 
[0 3 3 1 ] 

frflBm 1 ©;K^^'I^M 1 4 . 2 3, m2(7)R^m^m2 4. RXJ^m3(DR^m 
[0 3 3 2] 

mi 0 tc^-r<fce)jcfigmb;t^, mmm^mi-. ^tcD^^mitmi nzm^nx 

a 

[0 3 3 3] 
[0 3 3 4] 

2 1 5:1111 oiz^-tyv -m^m 1 J;: ^) ^m^±mizm^^nr^R^m^m 4 t 
mmiz 2 mmxm^^-t^. mm:r.^ y.^jLyvA4r:^m2 at. mM.mmm2 
0 t.m^^mi<DRmmmmi 4 iimsmm.mmm2 o-fy-^i^mtirMzm^^n 
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[0 3 3 5] 
[0 3 3 6] 

^LTMai=^tcj3tt-SBrffHx^x5^i>yA-rr^jS2 iicii. m^m.tfLm 

[0 3 3 7] 

A-r r xjg 2 1 m^m.mm 2 0 izm-t^m 1 oy^^m^m 23 1.. >>- k ^ 
-f ^ 2 2 (c^-r 3 (D^^m'\tm 25^, tfrtam 1 >&r>*^ 3 (DR^m-^tm 2 3 
, 2 b(Dmizmm.^n^m2(DK^mmm2 4vm^-t^o 

[0 3 3 8] 

, t&fBx^x^x>s^'A>rrx«2 1 i:s^mms2 0 i:(DP^T;^^^5gsiM-ir 

[0 3 3 9] 
[0 3 4 0] 

Ell 2i±, 0 1 nzm-tmM.i&inm^m^timfi^^nr^m^mv 

[0 3 4 1 ] 

©TSPi^-;i/ KM4 0(Z)±{cT^|5^-v^v^M4 l tiT v^-^>o *feTgP=35J 
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[0 3 4 2] 

trffBTS=^-v^y:^M 4 l^t>*_t:SP^^«y:/M4 S i A 1 

r3^^y^m4: 1 *^^±S|S^^^y ^M4 3 ^-e®;g^7b^=?i^^ ^;^G 1 T'feU 

o 

[0 3 4 3] 

3 h * W |g o T V ^ -5 o 
[0 3 4 4] 

t£i3^mMXlt. mi. 03, 04, igI5^a^BI7^C^V^TH5S«M4 (t. 
[0 3 4 5] 

[0 3 4 6] 
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(H e x) toym^^m^fcL. 

[0 3 4 7] 

S imM/'r)V^±Xrmm : T a (S nm) FU-r^ : N i F e (3 n 

m) XE^m^m : P tyMn^QQ_^ (I 5 nm) ym^m'\im : [Co (1. 5 
nm) /Ru (0. 8nm) /Co (2. 5 nm) ] /^N^'fttfiraM : Cu (2 
. 3 n m) U -^^'fSJf : [Co ( 1 nm) /N i F e (3 nm) ] /A^y ^ 
KM : C u ( 1 . 5 n m) XUmM : T a ( 3 n m) 

[0 3 4 8] 
[0 3 4 9] 

013 (C^f ^ {C, P t 4X*\'i^ 5 0 ( a t %) ~ 5 5 ( a t %) T 

it*ii-r^^, ^mrn^m^ (Hex) tjifin-rsr^^'^t):^^^, ^festftapt* 

o 

[0 3 5 0] 

2^f§0^T'«, ^m'^^m^ti^l. 5 8 X 1 0 4 (A/m) 
^^bV^Pt*i:L, 01 3 IC^tt-H^^^T^^^^f * LVNP t 45:4 5 (at% 
) Ji^J:6 0 (at%) arilfg^Lfec 
[0 3 5 1 ] 

9X104 (A/m) ^^_h#^4^<5^^$: 
ckU^?* Lv^P t*i:L, 01 3lZm-tm^"^^i3^'^^i)^if±L\^^P tm^4 9 
(at%)JL^±5 6. 5 ( a t %) J^AT^sS^Lfeo 
[0 3 5 2] 

ffi;?)^^^!: -r *?) -e ^ ^ # X. ^3 ti -5 o 



7 1 



aiiiE# 2001-3027076 



#2000—209468 



[0 3 5 3] 
[0 3 5 4] 
[0 3 5 5] 

mm-\im itmmm ^mi^x^ mm ^^mwmm^m-t :iiifj^x^fjt^^-/3-^ibv& 

[0 3 5 6] 

mi^mii(D^^x0^^'j{)^m^u^t£ti^'^mmrjtmwmm^mL. mmm-kmi^ 
t=.^(DV^mx'}.t. mm&^m^m iimm-\imitmm t^nr£-:^\^izm\^^mr£'^ 

(D^pfj^<ii^-mt)mmRmm^mii^m'\imtxm^izm^jt^:^\^^\^<'^^B 

iHlRl ^ o T V^ S ©-efe -£>o 
[0 3 5 7] 

[0 3 5 8] 
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i^'fiM ^ "e S V ^ {c M ^ -5 fni ffii V ^ T V ^ -5 r $: #^ -r % ® T -5 o 
[0 3 5 9] 

o 

[0 3 6 0] 
[0 3 6 1 ] 

±mLrz.^m'^^mitm^^M^m,m^^m^izmm-t^^}ii)^x^. mm^ 

[El] 
[02] 
[03] 
[04] 
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[05] 
[0 6] 

6 AM RMS^^m^^^^® «5t $:ABSffi{R!I;^^^Mfe 

[0 7] 

*l§H^(Dm 7 11;^?^®,® AM R A B S MmfS^ h%f=. 

»T®0, 

[0 8] 

[09] 
[010] 

0 5 {c^t-i^^iBm?3&^m^®fi&i^mpgcD^^®.?:^-rm^0, 
[011] 

[012] 
[013] 

K^Wim (PtMn-^^J^) ®P t M^r^fb^-frfe^^tc^J-te, ttftSPtM 
^^SmM^a^ (Hex) lL(Dm^^^-^f=y-7. 
[014] 

Lfe0. 

[015] 
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mi 6] 
[017] 

mis] 

[M 1 9 ] 
[BI2 0] 
[02 1] 
[022] 
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